One of the habitat types protected within the framework of the NATURA 2000 network due to the presence of species of European importance are fresh meadows from the Arrhenatherion alliance. The maintenance of their characteristic floristic composition depends on habitat conditions and extensive use, while any changes in this respect trigger succession transformations potentially threatening their nature value.
Introduction
Fresh meadows from the Arrhenatherion alliance (Br.-Bl. 1925) Koch 1926 are some of the most diverse and common plant communities in Central Europe, including Poland [1] [2] [3] [4] [5] [6] [7] [8] . This results first of all from the broad ecological scale of most species constituting these phytocenoses. They are highly variable plant communities whose floristic diversity is associated with the large extent of their habitat and use. Ryegrass meadows in their typical habitat, on moderately moist and relatively fertile soils, and with their extensive use (maximum two cuts) are characterized by an exceptionally high biodiversity, manifested in their high landscape value. Their sward is composed predominantly of tall grasses [mainly Arrhenatherum elatius (L.) P. Beauv. ex J. Presl & C. Presl], which are accompanied by a numerous group of dicotyledons with a considerable share of legumes [9, 10] . In contrast, ryegrass-fescue meadows typically have a slightly poorer species composition. They develop most frequently on dried mineral and mucky peat soils. This plant community is composed of low grasses. In the last 25 years, in some European regions we have been observing a gradual disappearance of plant communities from the Arrhenatherion alliance, formerly developed in their typical form [11, 12] . For this reason, restoring species-rich fresh meadows is at present a priority for conservation groups in central Europe [13, 14] . The present, frequently depleted structure of Arrhenathereterum elatioris phytocenoses and the plant community Poa pratensis-Festuca rubra have been influenced first of all by the changes in their use, both its reduced management and its intensification, as well as changes in habitats; this also applies to other types of communities within the class Molinio-Arrhenatheretea [15, 16] . The considerable drying of river valleys as a result of improperly operating drainage systems as well as floodings observed with increasing frequency in places where they have not occurred for many years are rapidly manifested in the condition of vegetation. This results in the transformation of numerous, previously not observed subassociations or floristic types of plant communities [17] .
The aim of this study was to conduct a nature and habitat evaluation of one of the largest meadow complexes in the Wielkopolska region, i.e. Wielki Łęg Obrzański (Fig. 1 ), which will make it possible to specify the preservation status of fresh meadows and their habitats.
Wielki Łęg Obrzański (PLB300004) is an extensive meadow area located in the western part of the Wielkopolska region, protected as a NATURA 2000 area. It covers the widest section of the Obra Valley, crisscrossed by a dense network of canals and drainage ditches. The Central Obra Canal crosses it in the middle, while on the north the area is bordered by the Northern Obra Canal and in the south -by the Southern Obra Canal. In this area, in the last 15 years we have been observing a trend towards reduction in land use intensity, particularly in the area of the Southern Obra Canal where the proportion of small farms is greater. Typically 1-2 cuts are done during the growing season and frequently no fertilization is applied. Meadow plant communities from the Arrhenatherion alliance are used slightly more intensively on the Northern Obra Canal, where several larger dairy cattle farms are located.
Material and methods
The vegetation cover was analyzed and evaluated based on 535 relevés of plant communities from the Arrhenatherion alliance (Arrhenatheretum elatioris and the community Poa pratensis-Festuca rubra), using the Braun-Blanquet method, in the meadow complex Wielki Łęg Obrzański (WŁO) in the years 2006-2012.
Relevés were entered in the TURBOVEG data base. Using the JUICE software [18] , a preliminary hierarchical classification analysis TWINSPAN [19] was performed. Further analysis was carried out using the NCLAS program of the SYNTAX 5.0 software package [20] . The relevés were classified twice, once on the basis of whether particular species were present, and once on the basis of their quantitative abundance. The similarity of the flora between the relevés was calculated using Jaccard's formula: P = 2c/a + b × 100%, where: P -similarity index; c -the number of common species for both relevés; a -the number of species in the first relevé; b -the number of species in relevé 2, 3, 4, …, n.
On this basis, individual variants (floristic types) of plant communities were distinguished. The multifaceted nature valuation included the phytosociological structure of phytocenoses, constancy of species, the degree of cover in the phytocenosis surface area, biodiversity expressed in the number of species, and the Shannon-Wiener index -H', H' = −∑ (p i × lnp i ), where: H' -diversity index; p i -the ratio of the number of occurrence of a given species to the number of all occurrences of species n i /N; n i -the number of occurrences of i-th species in the phytosociological table; N -the number of occurrences of all species.
Syntaxa and the species characteristic for them were identified on the basis of Matuszkiewicz [21] . Vascular plants were identified in accordance with the nomenclature presented in Mirek et al. [22] Habitat conditions of meadow communities were determined using the phytoindication method [23] , assessing for each relevé: light conditions (L), moisture content (F), nitrogen content (N), and soil reaction (R). Moreover, the following laboratory methods were used to determine: (i) soil moisture content -by gravimetry; (ii) content of organic matter in soil -by the weighing method consisting in sample roasting at a temperature of 600°C and calculation of weight losses; (iii) pH of soil in 1 mol KCl dm −3 -by potentiometry; (iv) contents of potassium (by flame photometry) and phosphorus (by colorimetry): in mineral soils -using the Egner-Riehm method, in organic soils in 0.5 mol HCl dm −3 ; (v) content of available magnesium: in mineral soils -by the Schachtschabel method, in organic soils in 0.5 mol HCl dm −3 . The floristic and habitat analyses constituted the basis for the identification of succession directions for the characterized plant communities from the Arrhenatherion alliance in the Wielki Łęg Obrzański complex.
Results
The actually observed variation in the internal structure of phytocenoses from the Arrhenatherion association is the basis for distinguishing five variants (floristic types) within the Arrhenatheretum elatioris association and eight in the plant community Poa pratensis-Festuca rubra. In the areas covered by the characterized phytocenoses, typical plots predominate (Tab. 1). Among the relevés of the Arrhenatheretum elatioris association, they are distinguished by greater species richness (98 phytocenoses). On average 23.8 species were recorded per relevé. They include here hornbeam habitats, moderately moist, and the meadows are typically mowed twice during the vegetation season. The phytocenoses in question usually develop on mucky peats, frequently at a depth of approx. 0.5 m, with underlying sand, with a groundwater level in July at a depth of 1.0-1.2 m below ground. Abundance of available forms of Mg, K and P in soil is limited here (Tab. 2). They are phytocenoses with a relatively loose sward, with the mean cover index of 77.3%. Apart from Arrhenatherum elatius, which covers here almost 48% of the phytocenosis area (Tab. 1), the highest constancy is observed for Achillea millefolium, Galium mollugo and Holcus lanatus (Tab. 3). Places with a higher moisture content, more abundant in nutrients, coming mainly from the mineralization process, and cut once start to be colonized by large quantities of Deschampsia caespitosa (L.) P.B. which eliminates other less expansive species, the trend which is in turn manifested in the mean number of species recorded in the relevés (19.8 In places where a high soil moisture is maintained over a longer part of the vegetation season (Tab. 2), the developing phytocenoses are associated with foxtail grass meadowsthe variant with Alopecurus pratensis. In their structure, an increased share was recorded both for species from the order Molinietalia and the class Phragmitetea (Tab. 1), while the highest constancy was observed here, apart from Arrhenatherum elatius, for Alopecurus pratensis L., Galium mollugo, Holcus lanatus, Plantago lanceolata L., and Rumex acetosa L. In localities typically slightly elevated and dried, on mineral soils, with a lower pH and a very low trophic level (Tab. 2), phytocenoses with a high share of Armeria maritima ssp. elongata Mill. Willd were observed (Tab. 1). They were characterized by a lower density of their swards, which was manifested in the mean vegetation ground cover of 73.2%. Apart from species characteristic of the order Arrhenatheretalia and the class Molinio-Arrhenatheretea, their structure contained an increased share of species from the class Koelerio glaucae-Corynephoretea canescentis (Tab. 1).
In turn, the variant of A.e. with Dactylis glomerata developed on strongly decomposed peats and mucks with moderate soil moisture and much higher trophic levels in the habitats (Tab. 2), caused by regular fertilization.
The plant community Poa pratensis-Festuca rubra is typically characterized by a poorer species composition than ryegrass meadows (Tab. 1). Typical phytocenoses of this plant community developed here in two variants with the predominance of Poa pratensis (170 phytocenoses) or Festuca rubra (43 phytocenoses). The areas of the plant community with the predominant Poa pratensis cover slightly more moist and fertile habitats and are characterized by better covering levels in relation to those with the predominance of Festuca rubra. Apart from Poa pratensis, Achillea millefolium and Taraxacum officinale F.H. Wigg. are found with high constancy, while in phytocenoses with red fescue Holcus lanatus and Galium mollugo were recorded much more often (Tab. 3). The transition stage between ryegrass meadows and grass-fescue meadows is connected with the variant of the plant community Poa pratensis-Festuca rubra with Arrhenatherum elatius. It is a degradation form of the Arrhenatheretum elatioris association, which is classified to this plant community due to the small share of tall oatgrass in the sward, at a considerable proportion of species distinguishing the community Poa pratensis-Festuca rubra.
In the phytocenoses of meadow grass-fescue meadows formed at the most moist localities, occasionally fertilized and usually cut twice, greater numbers of Phalaris arundinacea specimens are recorded (17 phytocenoses), accompanied by the species found with high constancy, e.g. Ranunculus repens L. or Potentilla anserina L., or Alopecurus pratensis (6 phytocenoses). This was the basis to distinguish variants with Phalaris arundinacea and with Alopecurus pratensis, whose species composition comprised an increased share of species characteristic of the orders Molinietalia, Trifolio fragifereAgrostietalia stoloniferae and the class Phragmitetea. In similar habitats, but with their very limited use, on strongly loosened soils, Deschampsia caespitosa is found in huge numbers. As many as 66 areas of the plant community of P.p.-F.r. in the variant with Deschampsia caespitosa were recorded, which indicates the unfavorable direction of changes, leading to a depletion of the floristic composition of the plant community. Similarly as in the case of ryegrass meadows, this is manifested in the recorded lower mean number of species in phytocenoses (20. 3) in comparison to the other variants (Tab. 1). In turn, fragments of grass-fescue meadows used as pastures show a tendency towards transformation into Lolio-Cynosuretum, which is reflected in the considerable share of highly productive grasses such as Dactylis glomerata and Lolium perenne. In contrast, in strongly dried and poor habitats Armeria maritima ssp. elongata and Anthoxanthum odoratum occur in very high numbers (Tab. 3), accompanied by less numerously represented grassland species from the class Koelerio glauca-Corynephoretea canescentis such as Festuca ovina L., Dianthus deltoides L., Trifolium arvense L., or Sedum acre L.
The principal component analysis (PCA) for the distribution of the main ecological and edaphic factors (Fig. 2, Fig. 3) shows the general habitat preferences of the distinguished subassociations, while the ranges for the moisture content index (F) and soil nitrogen resources (N), presented in Fig. 4 , illustrate the ecological amplitude for the occurrence of phytocenoses of individual variants. The basic edaphic factor influencing heterogeneity of fresh meadows was associated with moisture content, which more markedly differentiates the association Arrhenatheretum elatioris (Fig. 2) than the plant community Poa pratensis-Festuca rubra (Fig. 3) . In the case of ryegrass meadows, the moisture content factor makes it possible to distinguish the variant with Armeria maritima, while the variants with Deschampsia caespitosa and with Alopecurus pratensis are slightly less distinguishable. In grass-fescue meadows, their habitat moisture content plays the greatest role in the development of variants with Phalaris arundinacea, with Alopecurus pratensis as well as Armeria maritima.
In turn, the greatest effect on the development of variants with Dactylis glomerata is observed for the availability of nutrients and soil reaction. In lowland areas the light factor has no marked impact. A study by Zarzycki et al. [24] indicated a different situation in mountainous areas where light is a major ecological factor modifying the structure of fresh meadows. A considerable role is also played by soil reaction and fertility, while the effect of moisture content is slightly lesser. This is confirmed by the main directions of transformations in plant communities of the Arrhenatherion alliance in the WŁO complex, established on the basis of the analysis of the phytosociological structure of the distinguished floristic variants and the results of habitat studies (Fig. 5) .
Discussion
Meadow plant communities from the Arrhenatherion alliance (Br.-Bl. 1925) Koch 1926 are a threatened type of natural habitats in Poland, as has already been pointed out much earlier by Wojterska and Brzeg [25] as well as more recently by Zarzycki [26] . Such a situation is a consequence of two opposite trends. A decrease in profitability of agricultural production in small farms contributes to the negligence in tending of grassland, particularly regular mowing and fertilization. This results in the depletion of the floristic composition, primarily in ryegrass meadows, and the appearance of new, previously not observed variants or their transformation towards a poorer plant community Poa pratensis-Festuca rubra, which was also noticed in studies conducted in Serbia by Kojić et al. [27] and in the Czech Republic by Rozbrojova et al. [4] . In turn, the abandonment of the use of grass-fescue meadows typically leads to a slow encroachment of herbaceous plant communities and shrubs as the first stage in succession towards forest. The other opposite trend is associated with the replacement of small farms with conventional farming systems with large farms, which in turn is related to the substitution of extensively used meadows and pastures by species-poor plant communities of crops [28] . In such a case, grass-fescue meadows are typically transformed into ryegrass meadows, which is followed by the depletion of their species composition and highly productive grasses such as Dactylis glomerata, or Festuca pratensis start to predominate in the sward, which gave rise to the distinction of the variant with Dactylis glomerata [17, 25] . The considerable floristic and habitat diversity is manifested in the numerous variants and subvariants distinguished by many authors. Within the association Arrhenatheretum elatioris, Nowiński [29] [31] ; as far as Wielki Łęg Obrzański is concerned, however, the composition and proportions of species allowed us to distinguish only 8 variants in this community.
The average numbers of species in the relevés of the communities Arrhenatheretum elatioris and Poa pratensis-Festuca rubra indicate that, compared to other areas of Poland, these values are lower especially in relation to ryegrass meadows [17, 32, 33] .
The high variability of meadow plant communities from the Arrhenatherion alliance frequently results in symptoms of degradation and in Wielki Łęg Obrzański they take fragmentary forms. The nature value, characteristic of the typical form, may be restored in some degraded areas. At present in Europe effective methods are searched for to restore the nature value of species-rich meadow communities, e.g. from the Arrhenatherion alliance [13, [34] [35] [36] . One of the proposed solutions is to collect seeds or hay from donor localities, such as phytocenoses developed in the typical form with a considerable richness of species characteristic of the recreated plant community [37] [38] [39] . However, we need to take into consideration the fact that the success of restoration activity is often determined by the further management and condition of the habitat. These factors may limit the potential restoration of the typical floristic composition of these phytocenoses. An example in this respect may be provided by meadows from the Wielki Łęg Obrzański complex, where the use and first of all the rapidly progressing habitat changes connected mainly with the incorrectly operating system of canals and drainage ditches are the factors hindering the maintenance of stability in the species composition of the phytocenoses, constantly modifying them.
Conclusions

The high heterogeneity of habitats in the Wielki Łęg
Obrzański complex, particularly in terms of soil moisture and soil nutrient availability, influences the variability in the internal structure of phytocenoses from 
